We present U BV RI and CT 1 T 2 photometry for fifteen catalogued open clusters of relative high brightness and compact appearance. From these unprecedented photometric data sets, covering wavelengths from the blue up to the near-infrared, we performed a thorough assessment of their reality as stellar aggregates. We statistically assigned to each observed star within the object region a probability of being a fiducial feature of that field in terms of its local luminosity function, colour distribution and stellar density. Likewise, we used accurate parallaxes and proper motions measured by the Gaia satellite to help our decision on the open cluster reality. Ten catalogued aggregates did not show any hint of being real physical systems; three of them had been assumed to be open clusters in previous studies, though. On the other hand, we estimated reliable fundamental parameters for the remaining five studied objects, which were confirmed as real open clusters. They resulted to be clusters distributed in a wide age range, 8.0 ≤ log(t yr −1 ) ≤ 9.4, of solar metal content and placed between 2.0 and 5.5 kpc from the Sun. Their ages and metallicities are in agreement with the presently known picture of the spatial distribution of open clusters in the Galactic disc.
INTRODUCTION
According to the most updated version of the open cluster catalogue compiled by Dias et al. (2002, version 3.4 as of 2016 January), a very limited number of objects have been studied with some detail. Indeed, many of the catalogue's entries correspond to stellar overdensities (e.g. Collinder 1931; Ruprecht 1966) which deserve further analyses in order to confirm their physical nature. Hence, we have recently made use of available multi-band imaging with the aim of improving the statistics of well studied open clusters. We assessed the reality of the observed catalogued objects as real open clusters and, for those confirmed, estimated their structural and fundamental parameters, studied their dynamical evolution, etc (e.g. Piatti 2016) .
In this paper we complete the analysis of every open cluster observed through the Johnson U BV , Kron-Counsins RI and Washington CT1T2 photometric passbands during the observing campaign carried out at the Cerro Tololo Inter-American Observatory (CTIO), Chile, in 2011 January 31-February 4 (CTIO programme #2011A-0114, PI: Clariá). The objects had been originally selected to examine how the abundance gradient in the Galactic disc evolved E-mail: andres@oac.unc.edu.ar in time and along different Galactic longitudes by comparing the abundance gradients corresponding to various groups of open clusters of different ages and positions. The greater the number of open clusters with well determined parameters, the more precise and detailed the analysis of the metal abundance gradient in the Galactic disc as well as its evolution over time.
The present sample comprises unstudied or poorly studied catalogued open clusters that are relatively bright, are composed by a small number of stars and have a relatively compact appearance. In Section 2 we describe the collection and reduction of the available photometric data in order to build extensive and reliable data sets. We carefully evaluated the physical reality of the cluster sample from colourmagnitude and colour-colour diagrams in Section 3, while in Section 4 we estimate the fundamental parameters of the confirmed stellar aggregates and discuss the results. Finally, Section 7 summarizes the main conclusions of this work.
DATA COLLECTION AND REDUCTION
The National Optical Astronomy Observatory (NOAO) Science Data Management (SDM) Archives 1 interface were used to download the whole set of publicly available calibration and programme images . The data processing, the calibration to the standard photometric systems and the point spread function photometry for the programme fields were carried out altogether with some peviously studied objects, as described in Piatti et al. (2017) . We included here two catalogued open clusters (ESO 371-25 and 561-5) for which Washington CT1 images are publicly available and had not paid particular attention to them until now. The data reduction and photometry for these two objects were performed as described in Piatti et al. (2011) . The log of the observations for the presently studied objects with the main astrometric and observational information is summarized in Table 1 .
The final information for each cluster field consists of a running number per star, its x and y coordinates, the mean V magnitude, its rms error and the number of measurements, the colours U − B, B − V , V − R, V − I with their respective rms errors and number of measurements, the T1 magnitude with its error and number of measurements, and the C − T1 and T1 − T2 colours with their respective rms errors and number of measurements. Table 2 gives this information for Alessi 14. Only a portion of this table is shown here for guidance regarding its form and content. The whole content of Table 2 , as well as those for the remaining cluster fields (Tables 3-16) , are available in the online version of the journal.
COLOUR-MAGNITUDE DIAGRAM ANALYSIS
We based our analysis of the selected objects on their colourmagnitude diagrams (CMDs) and colour-colour (CC) diagrams, once we estimated the open cluster extents, extrated the resulting multi-band photometry for every stars located within the object areas and thoroughly judged their reality as stellar aggregates. In order to estimate the cluster radii we built stellar density radial profiles from their geometrical centres. Those centres were adopted from single Gaussian fits performed to the stellar density distributions along the x and y directions by using the ngaussfit routine in the stsdas/iraf package. We repeated the fits for projected stellar density distributions built from the number of stars counted within intervals of 20 (5.8), 40 (11.6), 60 (17.4), 80 (23.2) and 100 (29.0) pixel (arcsec) wide, and finally we averaged the five different Gaussian centres resulting a typical standard deviation of ± 50 pixels (± 14.5 ) in all cases.
We traced the radial density profiles from star counts previously performed within boxes of 50 pixels (14.5 arcsec) a side distributed throughout the whole FOV, instead of employing rings around the centre of each cluster. The chosen box size allowed us to sample the stellar spatial distribution statistically. We followed this method since it does not require a complete circle of radius r within the observed 1 http://www.noao.edu/sdm/archives.php.
FOV to estimate the mean stellar density at that distance. With a stellar density profile that extends far away from the cluster centre -but not too far so as to risk losing the local field-star signature-it is possible to estimate the background level with high precision, which is particularly useful when dealing with clusters composed by a small number of stars. The number of stars per unit area at a given radius r was calculated through the expression:
where nr and mr represent the number of stars and boxes, respectively, included in a circle of radius r. The resulting density profiles expressed as number of stars per arcsec 2 are shown in Fig. 1 . In the figure, we represent the constructed and background subtracted density profiles with open and filled circles, respectively. The average and corresponding rms error of the background level at any distance to the cluster centres were counted by using every available star count measurement at that distance. Then, the mean background and its error was calculated by averaging all these latter values, and indicated by solid and dotted horizontal lines in the figure. The errorbars of the background subtracted density profiles include the mean error of the background level.
As for the cluster radius, we considered here the distance from the cluster centre where the combined cluster plus background stellar density profile is no longer readily distinguished from the background, as is shown in Fig. 1 , where we represent the mean radius and its error with vertical solid and dotted lines, respectively. As can be seen, the background level amounts in average to 25±15 per cent of the central stellar density, which suggests that the selected objects can be relatively easily distinguished from the composite field population. In addition, they appear in the sky as relatively small concentrations of stars, in average, of 1.6±0.7 arcmin in radius.
We built six CMDs and three CCDs diagrams by extracting every star from our U BV RI − CT1T2 photometric data sets located within the cluster radii estimated above. We then cleaned them from the field star contamination by applied a statistical method which accounts for the luminosity function, colour distribution and stellar density of the stars distributed along the cluster line of sight.
The procedure was developed by Piatti & Bica (2012, see their Fig. 12 ) and succefully used elsewhere (e.g. Piatti 2014; Piatti et al. 2015a,b; Piatti & Bastian 2016 , and references therein). Briefly, it compares a extracted cluster CMD to different field-star CMDs composed of stars located reasonably far from the object, but not too far so as to risk losing the local field-star signature in terms of stellar density, luminosity function and/or colour distribution. The comparison between field-star and cluster CMDs is carried out by using boxes which vary their sizes from one place to another throughout the CMD and are centred on the positions of every star found in the field-star CMD. Note that it uses the same boxes in both cluster and field-star CMDs, and that the comparison is performed for each individual box. Here we chose four field regions, each one designed to cover an equal area as that of the cluster, and placed around the cluster. Hence, we obtained four distint cleaned cluster CMDs.
When comparing the four cleaned CMDs, we counted the number of times a star remained unsubtracted in all of them. Thus, we distinguished stars that appear once, twice, until four times, respectively. Stars appearing once can be associated to a probability P ≤ 25% of being a fiducial feature in the cleaned CMD, i.e., stars that could most frequently be found in a field-star CMD. Stars that appear twice (P = 50%) could equally likely be associated with either the field or the object of interest; and those with P ≥ 75%, i.e., stars found in three or four cleaned CMDs, belong predominantly to the cleaned CMD rather than to the fieldstar CMDs. Note that the latter can be cluster stars, or a group of stars that are distinguishable in terms of luminosity function, colour distribution and stellar density without forming a physical system. Nevertheless, the cleaning of the cluster CMDs is a mandatory step in order to assess the real status of a catalogued aggregate and, if confirmed as a star cluster, to estimate its astropysical properties. Statistically speaking, a certain amount of residuals is expected, which depends on the degree of variability of the stellar density, luminosity function and colour distribution of the star fields.
Figures 2 to 16 show the whole set of CMDs and CC diagrams for the cluster sample that can be exploited from the present extensive multi-band photometry. They include every magnitude and colour measurements of stars located within the respective cluster radii. We have also incorporated to the figures the statistical probabilities P obtained above by distinguishing stars with different colour symbols as follows: stars that statistically belong to the field (P ≤ 25%, pink), stars that might belong to either the field or the cluster (P = 50%, light blue), and stars that predominantly populate the cluster region (P ≥ 75%, dark blue).
Assessment on the physical reality
The basic challenge of trying to confirm the physical reality of the studied catalogued open clusters was conducted as follows: i) Identify a spatial overdensity relative to the background distribution (see Section 3, Fig. 1) ; ii) Select stars with parallaxes (π) and proper motions (µRA, µDEC) measured by the Gaia satellite (Gaia Collaboration et al. 2016 ). Here we decided to dodge the UCAC4 (Zacharias et al. 2013 ) catalogue, simply because its mean proper motion errors are ∼ 4 mas yr −1 , which are largely surpasssed by those obtained by the Gaia mission (∼ 1 mas yr −1 ). Note that proper motions distribution observed in an open cluster is mainly dominated by the observational errors (Dias et al. Table 2 . U BV RI and CT 1 T 2 data of stars in the field of Alessi 14. 
Columns list a running number per star, its x and y coordinates, the mean V magnitude, its rms error and the number of measurements, the colours U − B, B − V , V − R, V − I with their respective rms errors and number of measurements, the T 1 magnitude with its error and number of measurements, and the C − T 1 and T 1 − T 2 colours with their respective rms errors and number of measurements.
2014; Sampedro & Alfaro 2016
). iii) Test whether potential members, defined as those stars which comply with:
where j and k refer to the j-th and k-th star, have positions in the CMDs and CC diagrams consistent with an age, distance and metallicity within the photometric uncertainties (isochrone fitting). This last step also includes considering the probabilities P estimated in Section 3. We searched for parallaxes and proper motions around the central coordinates of the studied objects and within their estimated radii using the Gaia DR1 release (Gaia Collaboration et al. 2016). The results are shown in Table 17 , where each star is identified by a running number. We employed the same numbering to place these stars in the CMDs and CC diagrams (Figs. 2 to 16 ) of those objects with available information from Gaia. We transformed the parallaxes to true distance moduli using the expression (m − M )o = 5×log(100/π).
Only ESO 430-9 and NGC 5269 contain stars with P ≥ 75% and parallaxes in very good agreement with the derived true distance moduli (see Section 4). As can be seen in Figs. 8 and 14, both clusters have other relatively bright stars (V ≤ 14.0 mag) -those supposed to mainly form the stellar aggregates-with a high probability of being cluster stars (P ≥ 75%) that are pretty well matched by the same isochrone within the observable dispersion. In the case of ESO 315-14 (Fig. 5) , ESO 383-10 ( Fig. 7) and ESO 493-3 (Fig. 10) , the bright stars' parallaxes and proper motions do not allow us to draw positive conclusions on the cluster reality, in good agreement with the resulting photometric probabilities (P ≤ 50%, except for ESO 315-14). Finally, the resulting distance moduli obtained for one bright star in the field of ESO 260-6 (Fig. 4), Hogg 9 (Fig. 12) and Ruprecht 15 (Fig. 16) , respectively, suggest that they are foreground stars. Additionally, since the CMDs and CC diagrams do not show any hint for a cluster sequence (stars with P ≥ 75%), we discard these objects as real open clusters.
For catalogued clusters without Gaia outcomes, we had to rely our analysis on the photometric probabilities obtained in Section 3. Fortunately, ESO 371-25 (Fig. 6 ) and ESO 561-5 (Fig. 11) -with only CT1 photometry-turned out to be clear open clusters. The latter contains only main sequence turnoff (MSTO) and red clump stars, a signature of an advanced dynamical stage (see Piatti et al. 2017 ); stars fainter than T1 ∼ 16.0 mag with P ≥ 75% (blue filled circles) are residuals from the cleaning procedure. ESO 211-6 (Fig. 3) also shows an evident star cluster sequence. This is not the case of Alessi 14 (Fig. 2) , ESO 437-61 (Fig. 9) , Miller 1 (Fig. 13) and Ruprecht 5 (Fig. 15) . Their CMDs and CC diagrams (stars with P ≥ 75%) do not simultaneously exhibit star sequences typical of star clusters. We recall that these objects were catalogued as open clusters because of the concentration in the sky of a small number of relatively bright stars, so that those stars should mainly define the main cluster features in the CMDs and CC diagrams.
Three of the ten resulting non-physical systems, namely, ESO 383-10, ESO 437-61 and Hogg 9 have some previous relatively relevant studies. Pavani & Bica (2007) concluded from 2MASS photometry and UCAC2 (Zacharias et al. 2004) proper motions that ESO 383-10 is an open cluster remnant. However, the J vs. J − H CMD has a very narrow baseline, making field stars appear following a sequence similar to that of an open cluster. Such a star sequence is also seen in Fig. 7 -less clear in panels involving the U B passbands-; it does not resemble that of a star cluster of 2 Gyr located at 1.0 kpc from the Sun, as derived by the authors. Moreover, the parallax of star #2 converts to a heliocentric distance of ∼ 0.3 kpc. The UCAC2 proper motion uncertainties could additionaly misled the analysis. ESO 437-61 resulted to be an open cluster in its late stage of dynamical evolution, according to a star count analylis by Bica et al. (2001) . Later, Carraro et al. (2005) concluded that the object is not a physical system from the SPM3 catalogue of proper motions (Girard et al. 2004) . Similarly, Moffat & Vogt (1975) had suggested that Hogg 9 could not be a real open cluster, although Ahumada et al. (2007) assumed it as a star cluster and estimated for it an age of 300 Myr from integrated spectroscopy.
CLUSTER FUNDAMENTAL PARAMETERS
We derived reliable ages, reddenings and distances of ESO 211-9, ESO 430-9 and NGC 5269 by making use of the six CMDs and three different CC diagrams covering wavelengths from the blue up to the near-infrared (Fig. 3, 8 and 14, respectively). We matched theoretical isochrones computed by Bressan et al. (2012) to the various CMDs and CC diagrams, simultaneosly.
As a starting point we took advantage of the shape of the main sequences (MS), its curvature (less and more pronounced), the relative distance between the giant stars and the MSTOs in magnitude and colour separately, among others, to find the age of the isochrone which best matches the cluster's features in the CMDs and CC diagrams, regardless the cluster reddening and distance. From our best choice, we derived the cluster reddenings by shifting that isochrone in the three CC diagrams following the reddening vectors until their bluest points coincided with the observed ones. Note that this requirement allowed us to use the V − R vs R − I CC diagram as well, even though the reddening vector runs almost parallell to the cluster sequence. In order to enter the isochrones into the CMDs and CC diagrams we used the following ratios: E(U −B)/E(B −V ) = 0.72 + 0.05×E(B −V ) (Hiltner & Johnson 1956 ); E(V − R)/E(B − V ) = 0.65, E(V − I)/E(B − V ) = 1.25, AV /E(B − V ) = 3.1 (Cardelli et al. 1989 ); E(C −T1)/E(B −V ) = 1.97, E(T1 −T2)/E(B − V ) = 0.692, AT 1 /E(B − V ) = 2.62 (Geisler 1996) . Finally, the adopted E(B − V ) colour excesses were used to properly shift the chosen isochrone in the CMDs in order to derive (Paunzen et al. 2010; Heiter et al. 2014) ) did not match the CMDs and CC diagrams satisfactority.
For ESO 371-25 and ESO 561-5 -with only CT1 photometry-we made use of the age-metallicity diagnostic diagram, δT1 versus δC -δT1, which has shown the ability of unambiguously providing age and metallicity estimates, simultaneously (Piatti & Perren 2015, see their Fig. 4) . δC and δT1 are the respective magnitude differences between the giant red clump (RC) and the MSTO. The diagnostic diagram allows to derive ages from 1 up to 13 Gyr and metallicities [Fe/H] from -2.0 up to +0.5 dex, and is independent of the cluster reddening and distance modulus. We measured C and T1 magnitudes at the MSTO and RC, then computed δC and δT1 and entered into Figure 4 of Piatti & Perren (2015) to estimate cluster ages and metallicities (both clusters are of solar metal content within σ[Fe/H] = 0.15 dex). Then, we derived the cluster reddening and distance moduli by matching the respective isochrones to the cluster CMDs. The adopted best matched isochrones for ESO 211-9, ESO 371-25, ESO 430-9, ESO 561-5 and NGC 5269 are overplotted with black solid lines on Fig. 3, 6 8, 11 and 14, respectively, while the resulting values with their errors for the cluster reddenings, distances, ages are listed in Table 18 . Fig. 17 depicts the spatial distribution of the studied clusters, where we added for comparison purposes the 2167 open clusters catalogued by Dias et al. (2002, version 3.4 as of January 2016) and the schematic positions of the spiral arms (Drimmel & Spergel 2001; Moitinho et al. 2006) . The cluster Galactic coordinates were computed using the derived cluster heliocentric distances, their angular Galactic coordinates and a Galactocentric distance of the Sun of RGC = 8.3 kpc (Hou & Han 2014 , and references therein). The clusters are distributed outside the circle around the Sun (d ∼ 2.0 kpc) where the catalogued clusters are mostly concentrated. They belong to the thin Galactic disc, with the exception of ESO 371-25 which is nearly 0.5 kpc above the Galactic plane. The relationship between their positions in the Galaxy and their ages are in agreement with the over- all feature of the Galactic disc attained from open cluster statistical analyses (see, e.g. Bonatto et al. 2006; Joshi et al. 2016) .
CONCLUSIONS
With the aim of improving the statistics of well studied open clusters, we present a multi-band photometric analysis of 15 catalogued open clusters. The selected sample was chosen on the basis of the relative high brightness and compact appearance of the candidates and because they had not been studied or poorly studied at the time of designing the observational campaign. We used publicly available Johnson U BV , KronCousins RI and Washington C images obtained at CTIO to produce photometric data sets from which we built six CMDs and three different CC diagrams per object covering wavelengths from the blue up to the near-infrared. This unprecedented multi-band coverage allowed us to thoroughly judged their reality as stellar aggregates.
In order to reliably assess on their physical nature we statistically assigned to each observed star in a given field a probability of being a fiducial feature of that field in terms of its local luminosity function, colour distribution and stellar density. This was accomplished by using a powerful technique that makes use of cells varying in position and size in the CMDs to disentangle the fiducial from the contaminating field stars. To that purpuse we first traced the cluster stellar radial profiles and estimated their radii that were used to delimit the region to examine. Likewise, we took advantage of accurate parallaxes and proper motions measured by the Gaia satellite to help our decision on the open cluster reality.
Contrarily to what could be expected, as judged from the objects' brightness and compactness, 10 catalogued aggregates did not show any hint of being real physical systems. Three of them (ESO 383-10, ESO 437-61 and Hogg 9) had been treated as open clusters in previous photometric studies. Thus, this result points to the need of a thorough examination of any group of stars believed to be a physical entity by its only appearance in the sky. On the other hand, we estimated reliable fundamental parameters for the remaining 5 studied objects, which were confirmed as real open clusters. By exploiting the wealth of photometric data sets in combination with theoretical isochrones, we found out that the clusters in our sample are in wide age range, 8.0 ≤ log(t yr −1 ) ≤ 9.4, of solar metal content and placed between 2.0 and 5.5 kpc from the Sun. They resulting astrophysical properties are in agreement with the updated known picture of the spatial distribution of ages/metallicities of open clusters in the Galactic disc. Figure 2 . CMDs and CC diagrams for stars measured in the field of Alessi 14. Colour-scaled symbols represent stars with photometric memberships P ≤ 25% (pink), equals to 50% (light blue) and ≥ 75% (dark blue), respectively. MNRAS 000, 1-24 (2016) Figure 3 . CMDs and CC diagrams for stars measured in the field of ESO 211-6. Symbols are as in Fig. 2 . We overplotted the isochrone which best matches the cluster features (black solid line). In panels involving U − B colours, the isochrone was drawn for complete purposes.
